

wvmvianaamflMaljfii'uil 

■i 


Tem , ibs§Mflfmi,1ej , u? 

9 II 

*=9 6) <& <}J c$ y 6) o QJ QJd QJ I £=> 

1. matvi'unpifTbnL^nLapn'iuenpiuj^a'jeojupnei^^armaanLLmj^i'uvn^afnfmaj 

<u 9 

_ dl 6) %/ <u c$ d V QJ d I QJ£=\ d O <3J I <3J 

2. malvi'unpin'wiLia'uivifinmiyi^eiauLLi^^^LLatirmvnpnajju^yienpiajpn^ 6 ! u0-n?ifl 

«U v 1 9 


I o 


1. nemtn 

'ji'Ufiii^fiiivii^^n'uipnniiw'M'iAium'ul'u'Oaa'u'u aivi LPila^am asi/nu a-anaeiri-a 

9 

i v i ay o i ay 6) d o ay 

ts^ 6 ! vnmnianaaa^a^aanuuuL'ua'un^^a^anwfmvii^n'u stu 

i i ay ay ay i 

ay ay ay 67 oy aye* ay <=967 y o q <=» ay *=9 U qj ay <=^ 

^a'jaiPiamim^nLaLfiainueijju^^a^ia^Yibynw^i'u vnnmnwum^i^nijnniimm imm 

9 

nl'a^mlaiAiq^niiaj^a^LLi^^rn^'yiinuw^i'uvilalpi's^eifi^ wq^rmumiLfiaiiJ ^aa^^wa'ulw 

ay ay ay ay i ay i 

o 6) ay^=s <=9 ^ ay ay ay ay <=9 qj d d 6) ay<=^ *=i <=9 

ynLviW'JTUviialPii^edi'j'U'u 6 ] imnvmvmfiEJvnEJ ^^umalviW'3i t uyiaanLm , U3jmi3JPi^yi t uLtei^ 
ilaa^apiamiH^TU an^aai^LW miafmciEJW iflnifl0-300nuiJ\jIm^?iiiwCifliim^mi^ 
uaaa^ivia'uwa^TAia'Maaia^f'U'uivi'un'uiivinuaiiLmfrjjiuvin^aiJiwl^aan^iJaa^/i'apmjjjn^'jSTU 

9 9 da 

ilium fmaanuuD^neimaii.ilwa'janpfapnijJiPiTunfipnfiwiipnniijji.^TOia TflaLaYn^Eh-afk 

9J 

ay 67 ay oy<=^ ay d «i y ej o yay ay <=9 6) ay ay <=9i4 i 

miurntoflTu?(jjiimi0T3?ifl maLvmnii.a0nwitimwjjnsawnumi-aTu mn^vnfufianma^iyilu 

9 9 9 

c£ i 67 ay^ «=i d cit ay i 2-67 ay M ay i ay 

L < M3Ji^a3jna^e(^weiLw < U'3i'um^pm3JLeiavnaLLei«m < uaw3'iaiaawLwi < uL^ lw miuflnwi'tia-u'iAifn 

9J 

ay ^ ay o' ay ay d> V 

■foma-a uasfnu.mnwfiDa-Ji.fnTU'uivi'un fl-mafl-aTuiilvi l uJumj 



2. viqwjuasvmnmTmnEma'a 

sy =f di ^9 oy«=i ay d <^i *d ay ay <=9 d i 67 ay 

fmvi^a'u^nafm^m'Ufmvi^fiaui.viavnfijjuOTa^ifi^vim'uviian^ miviflftemmEJlvi 

9 «U 

M ay i qjcx ay c±i i . . , ,.^9 ^9 ay ay M ay M i 

L^ipnei3JUia^Tumi3J0^vi0 t u fn'mmuiwan (Yield strength Miaaflvn?imm^lfl?u?imflEjUj 

9 J 9 9 <U 9 
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lemnJ pn'miwui-mufl-a (Tensile strength ma Ultimate strength) viiaaflvn?lflTUi>i,i-a?l-a?lfl 

«U H 1 <U 1 

i as ii i 

QS I QS QS QS 6 1 aS QS / . . X <=& I Cl («■ QSd d O QS d I d 

uasaemfnumiviflmfiywivm^a^mrmfl (Poison ratio wiviaitjiil'uei3j < ui?ivieiiPiujviei^aaiw < u^ 

<U <) 

as I I 

QS QS QS d d QS d QS QS M aSd V as C=S 

'tia-raei yanainyy^enyiiavian/nniiaflisviiyauflnvin^a^ifimflanflitj fmviwia'uentjfmi^ 

\a fJ V ^ | as ^ JS 

l^avfiliJLiJ'uniilmii^l'ULmQun'u^ai (Uniaxial tensile test) unwviflfiau TflmmfkCiaiiniiiaitJ 

i as i as as i i 

adi'3fuJii.fivia^fia^vi t u'MVi t ui^ 6 ii0'3Wvi^fi0u vnn t ui 6 D t m^ 6 ii0'3ui'3^nfinvni^i0'w t u‘MVi t ui^'Mf'u 

imnasKHivklanii “fnimmj (Stress: a)” wymbaiily N/m 2 Vila Pa tymsvnmmftneifl 

•) 

as 

aunflmiiaaiifeatiflfrnaan ^fiTuiiiViii'Jiiia^a^^piamiuam^u^a^W'Ji'uvi^fia'ui.ian'ii 

<u 

“fmymlaei (Strain: s)” ^fmnmil'u m/m vilalyyviibtj fliiyiHmia^miymlamfiamiJy 


F 

G = — 

A 


iya F ^aui'3 , Mnii!Vin^ainnuvi t ui^ A was AL ^amiuaiTMi.iJfla'uliJainmiuam^vi L 0 

vmiaivm lufmwananpnnui.m^iK 2 uuu 3a (1) miymuminmniiy (Engineering 
stress) LilumiwaiionflaiymuimwuriuwuMviimfl^a^w^iww uas (2) fniyimali (True 

da 

d as d d ^ as os vi os os os 

stress) LiJymiviaiianpmymyyyvlysiyvly'MVi'U'i^al^^i'iJflay'tJUi^MytjaitJ'uy i^vru fmy 

da 

myai^yHi?uniimiyiHumyimniiy 

<u 

rniviipmyii^ii's^tja^iei^ami^'uynitJ'viiyil^apiaa 6 ! iwyui^fiwnisvhri0T?iflraisj 
uaaauniswaamnflmiuflnwn tyi^vm^aanui^i^asHaa 6 ! ttaHiaan H^watmvnfivmi 

o o I 


f^mjaiiemancmlaa 6 ] aunis 


f\ i^a^ieiaanainfru 


6) I *=» QSd <=i O QS QS 6" I d dS) as E\ . as \ QS d QS £) | 

luvrailfjufluayuiflinyaywmBisvnmi^mvi (luTUfniymy) nuisEjsEJflpn (VuiiJ 

fmyimaei) yiuff^wamay^anylyiiJnnvl wdayilarm IHimiyimj-fniymlaei (Stress- 

*u 

Strain Curve) 


2.1 riTa^ayfVanvIfmymy-pmytfila^ 

, i i as 

I as d os I «=i C3i <=S d Q Jd QS d QS I 

a q 

wtay'iiyviq^niiyfmfyLmUfiiitliaiiJatii'jli nei^^i'a^wnya'ayiiJimytja^nii'iAlyirl'i^nyliJ Hi 

l <u a «u 

as i 

osd o os os i M as | os id i i as d os os 'A as . 

ayynaipiujtjanei^enyiiaaiyl^ainrmvl^nany iw aimiyimeueifivneifTmnmfi fmy 

v 1 ‘US') 

iraKTmw) Hipmyimeiiei^y'viiHiei^aianiyaaniia^vitjy (fniyimimmin) Hilyeiaei 

<u *) a <u a <u 

pinyfjflviEru ivlym I^iavfaliJniivImiymy-^niymla^lHainmivi^ciayui^^ anmisua-a 


dM as O QS QS d QS 'A , di QS id 
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| ^ 2/ \ d& <U cS | 

anniiJvi 2 idijmi^mviflaaijaaiwi 6 ] mjyieieiaija^day 6 ] afwaana'ufkaei A Tusb-aC! 

MflninvttJuerufli'3 lianas A an 

s 

%> 

■wnViaViaTu (Proportional limit) u?is/mlmmi^ebmj aa^aaufi^TAiq^niiumimiiJuu'u 

ii 2/ ii 

ttavimj ■u'u^atfiaiJfiaaui'jniii'tiiwvi^fiauaiJnaul'iJfl^'un^i.vii^jj mammmnisvraaldaufi'u 

s 

wffapfaemj kmjniTiAtefiaa 6 ') I^aanannkftum-a aaqvianaw^aii^Pi'JUfi^^iAiqSniijjfm^'uiiJll’ 
ankarmaaaTjfbafl B wiil'ua^ifiin^niiLiJaaTJiiJiiuuiAia'iei^n klarmaeimnn (Yield point) Ltaa 

S S <U S 1 

2J <=j J& c& I j j cQ & 

riiflaammvtafluiEJfm pmumua^pinn (Yield stress) vilamnmmkmaflmnn (Yield 

s s s 

strength) k{l'ua^u'U'3ii!Vi'ii'3viqSniijjmi^'ui'iJn'umi^iiJ^a'3afi^ 

•J s I sj *u *i s 

i 2/ 2/ 

ibslamlninmniinn mii^Hniviw^ain^piim'iTiimei^ei^'waiikn^'U'U'uIpia^eif'i^vilaW'jTu 

*u S 

i 12/2/ 2/i 

IflawaVlmnflfmkfiavm kapiimiTim'U'Min^TOU'uw^iwa^lTiin'un'iiHipn'iTiima^Piiinuma 

s 

Ltl'umiila^n'umiifiavna wtlnliJ^HiuvIn^ai^nnu'iJcia^/i'a (Factor of Safty: FOS) tia^mnu 

i 2/ 2/ i 2/ 

(FOS = dimiTiimei^ei^m^^'uu'uw^Tu/dim'iuimpmntia^aei^H'yi'iw^i'u) ra-aannafl 

‘US s s 

pinnliJuaTifi^ask'iJaa'ui'iJmail^apnnukfa'uaiimjjaai'j^iq vilaanaas^fiatifbweueifl (aei 0 

S SJ 1 S SJ s s 

2/ <=J I d ea i J CS 

piipmjjmuvia^ULiana'ipmjJu.ti-JUi'ja'jfiPi (Ultimate strength) vilamimmmi^ (Tensile 
strength) LilupiaaiJW'ua'ja^viTfi^vi'uMna'uviastijj'tii^viiaupinaanainfTU (Fracture) aeiaflvha 
(am D) tia^niTiAlLil'ua^fiaei^Ln^nTaii^nvila^n^aanainn'u 


Strain Hardening Necking 

Stress I-1- 




YiJvi 2 Rai3jajjwu5i«vi , 3i-3Piaiijm , u-Piaijjmia^'tia'3TfiPii.viuaavhl‘iJ 


tia^^aaq^Pi^fnwieiaiwpmua^viEJ'ulal^ (tbalrnfmafl B) mnajs:um45isvm^mnmfTu 

ill 2/ 

kkasmnmmaflaukibirairiafYU #fl?bu^nfhi£mflwkvhnij E wiannulwanq^ja^ Flooke fl-ad 

sj <w 


8 


(3) 
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kf£jn E in Young’s modulus Vilalu^amiTi^ViEJ'U (Modulus of Elasticity) uriiHalflvnflGj 

Mfupnijji.piun'uniipiipnijji.pi'upiiin rnmJfl£JTiiiiJfii^a^iei^it:mei < iji'3Ticnei^nwl3Jeii3Ji , 5fim 

H <U 

iiJll’ pnijjmjwuspnjjfijjfmvi (3) 


3. fmvmaau 

is 

3.1 anwuswyiflaaij 

is t is is is 

WYi^ieiau'Ml < ?il , urmyi^aai'uan6 ! ifii5 < u£iTOi^^i3J3Jii?ni5i'u DIN 50125 lomna-aw 

«U 03 

a s <u e=i &/ d dj qj 

viflaaimuiawTuiiJv! 3 IflaiaeiviKaslj ivian via-akt^-a via-uvma-a uasaaCmi 



30 
k—— 


•I 


i is 

TiJvi 3 wvieieiau 

<u 


3.2 imawayuwau 

LPila^Savi^eiaufiHlll'U^a^ul'Wyi GUNT 114 WP300 Universal Material Testing IflEJ 

I I is 

fbmbsnaufnn 6 ') ueii^TuiiJvi 4kaCieiTuiJ , at:nau , M6!ifiujM 



1) uviuma-a 

2) u,vii4ia-nmm 

3) Load frame U14 

4) Load frame eh-a 

5) eanenjvmn^awijijlsfliaana 

<u «u 

6) Savijj'uiJfijmiijml'ui^uiilsliaana 

7) vnimlmjanu^nisvh 

8) Dial gage uanniioflFii 

is 

9) ‘MiailW-JTUVIPlfiaU 

is 

10) wmivifleiau 


tUvi 4 mla^ljayieieiau 
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mivrait^a^mla^Kviannniaanwi^vmt^mjviimwaHeiniifiam^iliJmifinfi'u 

H H <U «U <U 

o' o/ V| g d M o/ y i] , 6 ) y !/ y H M 2 /c^ qj 2 / 

mmnsfliaanemaslvmmnnisija^imiummUjnisijanvmn m0^ml000^mn , uvi0?i0'um 
nmma-^vi^fiau aneiij^a^ni^ijanls^'aaanavianna^iela'uei^TOl^aa'iijaiiii^'MVi'ui'ij^Hiyi'inu 

<u <u <u 

2 / 2 / ill 

(S' , M I 2/ x I c* o/ <=^ 2/ V] - 2/ O 6) 2/c^ 2/ c!) d dl 

pm£j (iwmsUjmi-WTu) immn^wmnijvmaamm Wima^mlviMii^mtimi^aa'uyi lua 

*u 

2/ i 

0/6) M <=i «" cf <=& O/ Co I V] 2 / I d O I O/ , 

‘MTi'umiTi^njL'u^uuLs^'aaaneia^^^Ti m 0 ii 0 Ui^n 0 S 0 im 00 i^ami^ni£m 00 ?in?i'uvi?in (mi 

s <u <u <u 

2/1 I 2/ I 

yimi^a^isiiiugfliaanawCma im l N raavmt^vhHmflwi^ 1.3 kN vtanem) mfrumSa 

H <) <U <U 

cij J$ Mo/ o/i«=fio/ 0 / 0/10 c£ cj ^ 

anaiJiaaaiimtiasndfTU Load frame mchweiamj Load frame mim wm/hmnmanmtaiiij 

<u *u <u 

omi^ma£fjmi000TU00 a'iiJi^3Jiaiml3Jei^wanit!Viunuit!at;a^m^a^?wiTiyi^eiaii iSaw 

<u •) 

2/1 i 2 / 

Load frame an^'UTOlwcutJ'wiiyiiiia^fuan^l^aanu'M 5'3fi'3Weilmn^ui'3mpiaW'3n t uvi^fia'u 

<u <u <u 

I 2/ 

mvifuitJa^iaaa'umaan^ja^w Load frame ■u'Ufmjiiai^i^iil^aH Dial gage 


3.3 mifriatmiTi/^aa^ 

2/1 i 

<u 

2) C^iflaviu t u 6 i)a-3ii!UuM^ian3vn t u^u t uiMfna t umH Load frame aal'umuviwmfi^ 

s <u s 

2/ i 

3) leimauw^i'uvi^fiaumnuuvi'uia^iuum^unflailmla'uiaa myiiJvi 5(a) 

*u 

4) tdmauw^iuyi^ieiaumnu Load frame I^mUifla^wdaei mrniJvi 5(b) 

*u 

2/12/ i 

5) taw^i'UYi^eiaijmnijfia < um'Ueii'3 < 3' < uain'UTiinflaiHei^ miniJyi 5(c) 

i <u 

2/ i 

6) TOmaijm t uiJ t umn'uW'3i‘uvi^fiaiJ I^ianT3Vi3Jumam < iJa < uei^mflai myiiJvi 5(d) 

s s v 

7) TO'ua^imaumu'umnu Load frame Huiiwiaib^iO! muTUvi 5(e) 

*u 

v i d M c* s' da o/ «=s 2 /cf Cf d d 

8 000*1 vmmiamiwa^iJiHafliaaneimmmjmwm wni^wiimanwijaviiai^mjaniii^ 

1 H H <U 

U'UVi < U1l]0l13J^0U 

9) iHa'uiJfu Dial gaueHaal'umim'ii^^mHm^fnimaTiaTudill'iln'uaa 

10) vmwmiita Dial gage Haw^mja 

11) vi3JTiiTOijaniii'3nit!'viiei^ei0iJT!Vi'uii]0T'0imHEiiiiyi0 < u0 

H «U 1 <U 

i i 2/ ii 

.1 <=> d cf O 6) 2/ci ^ d O/ d d O/ I O/ _ . 6)2/1 I 

12) a00mjmimiamiwasmlvimmifl0?i0miij00m maisasafirnmnu 0.1 mm biaTum 


^ami^vinisvh 


2/1 2 / II 

13) mntmdaa*! 

i 12 / 

14) 030*1 m3Jit!0t!00ml < iJa < unit!WW^iTiyi00auLn0fmimn'Mn 

i 2/ i 

15) iilfl0 < uW'3iTiyi00aua < u0iu0'iu'Mn o ivi < u0H mifinmlumii^ 
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tUvi 5 wna'umiim£jymTMfl?i0'3 


4. m^mrinmaswei^wamTvifleia'a 

i ay 

1) L?Ej , unii , HpiQi3J?f3J'W'us^a^piiPi'3i3Jim-mi3JiPil£j^ 6 ya'3iei^iirat: 6 aw'MH < vii?'U'3'i'uvi^eiaiJ 1/nau 

ay 

wniViTi^w Proportional limit, Yield strength, Tensile strength a-simmi'd 

2) aiTntuvmi Elastic Modulus, Yield strength, uai; Tensile strength tia^neifliu^asWflyiH 

ay ay i ay 

yhfu^i'uyieieiau viiauwt'Uiau^aunu^ajjal'umiii.la'ui.vlais'uanW'j'Tuvi^fia'utmfiiJW^ 

•U H 

ay 

ay i ay 

miiVL'm wwmThi?fa Ao^a^wiwii^aijvnlifo'iri 


A 0 = 


nD z 


iTia D Piaietuwi'UPj'uanai^^a^w^'ruyi^ieiaawajpniJitiTiitu 6 mm (miiflmmiuuatma'uvnfm 

ay 

yieierau) wasmmnwoniJi^a^wTu L 0 =30 mm 


5. lanemama-a 

l. mlaaiJnitufmviflaa-s GUNT WP 300 

<u s 
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ISJEJsSflWl 

(xO.Ol mm) 

uumsjvh (kN) 

Tfieimtavi 1 

H 

Tflflmtavi 2 

H 

<1 





10 





20 





30 





40 





50 





60 





70 





80 





90 





100 





120 





140 





160 





180 





200 





240 





260 





280 





300 





320 





340 





360 





380 





400 





420 





440 





460 
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480 





500 





520 





540 





560 





580 





600 





620 





640 





660 





680 





700 






inn 6 ii0jjcil'UPnn'3Ufi^'3nnm^'S 

<u 

Stress (Mpa) 


A 



> Strain 


2 J 6) I Qj£=\ QJ I 11 V W d 

<u s 


im 

Elastic Modulus 

Yield strength 

Tensile strength 

Poison ratio 

Tgieimtavi 1 





Tgieimtavi 2 





TSIPlWPlvi 3 
<) 





TSIPlWPlvi 4 
<) 
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I O iQ O/Cj 

uuu'vi a fiau nauvn mTu{ju ^fm 

cQ V V V QJ d I QJ £=i c£ £=$ J$ 

1. vnni?iq2mimminnmj (nJ'nsjrmmj) viq^nujj 

^ia-39fi^l t umniifuui'3^'3a^i>Tl'uaai'3li 

<) 


_ eH %/ %/ I O Je=± QJ I VI , 

2. a'3fmm 6 uaua?nfiuuPi 6 iia-3i?i^^aLiJ‘u 

«u •) 


im 

Elastic Modulus 

Yield strength 

Tensile strength 

Poison ratio 

Aluminium Alloys 

(1350) 





Steal AlSi 304 





Gray Cast Iron 





Copper 





Brass 





Acrylic 
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3. ^95'uitjmiiJUPinpli'3i^vi'ii'3niii ) ?i£j , 3iJuuiJ0^vitJ t un'Ufmi>li£JiiJy,uiJfnT5 


4. pnommafl 


5. 0'3Vii^Qijjm‘uiJ‘uuyi'3yi^?i0U^ t ui^i>fi t um'UPj t uanfn'3 2 cm ^oisfiiihvrun 1500 kg 


6. wvi^fl0'uui'3^'3yi0-3mll0'3 5 6 i) t ui^vi t un^ 0.5 in x 0.019 in Cb^vieieiau (gauge length) 2 in 

v if 

mu'iiwyi^iei0'uCli s ni3jml0^iyiil , 50i? < U'3i'u5 , 5t:0t:yi^ei0uei^yii0i,yiinu 3.15 in 
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